The major end products of fermentation, short chain fatty acids (acetate, propionate, butyrate) were measured in portal and peripheral venous blood after the caecal instiliation of lactulose at surgery in patients undergoing elective cholecystectomy. Blood samples for short chain fatty acid measurement were taken before and at 15 minute intervals up to 60 minutes after caecal instillation of either 20 ml sterile saline or 6.7 g or 10 g lactulose. Fasting concentrations (n=28) The principal end products of fermentation are the short chain fatty acids acetate, propionate and butyrate and the gases carbon dioxide, methane and hydrogen.' In ruminants and other herbivores short chain fatty acids contribute substantially to basal energy requirements,2 while in man there have been few studies investigating the fate of these acids.3
The principal end products of fermentation are the short chain fatty acids acetate, propionate and butyrate and the gases carbon dioxide, methane and hydrogen.' In ruminants and other herbivores short chain fatty acids contribute substantially to basal energy requirements,2 while in man there have been few studies investigating the fate of these acids. 3 There are many lines of evidence now which suggest that fermentation occurs in the human colon and that absorption of the resultant short chain fatty acids is rapid and contributes significantly to portal and peripheral blood short chain fatty acid concentrations.' 3 The major short chain fatty acid, acetate, is also an important metabolic fuel and in species such as the rat, falling portal blood levels trigger active liver production of acetate. 4 5 Studies of the fermentation process in man and the fate of its short chain fatty acid end products have been limited by the inaccessibility of both the large bowel and the portal venous system. We have therefore attempted to establish in the present study not [imol/l) was statistically significant after 10 g lactulose compared with sterile saline (mean (SD), 12-9 (77-1) [imol/l) (p<0 05).
The results of portal short chain fatty acid measurements after the caecal injection of lactulose and sterile saline are shown in Table II . Lactulose produced a rapid rise in portal acetate with peak concentrations reached at 15 to 45 minutes. The 6-7 g dose of lactulose appeared to be completely fermented in 30 to 45 minutes with portal short chain fatty acid concentrations back to or below fasting levels in all but one subject at 45 minutes. After 10 g lactulose, portal short chain fatty acid concentrations were still raised at 45 minutes in all subjects. Peak portal short chain fatty acid concentrations were measured at similar times which indicated that both doses of lactulose were rapidly fermented, however, the fermentation of the larger 10 g dose of lactulose appeared more prolonged. Portal and peripheral blood short chainfatty acid concentrations after caecal lactulose instillation at surgery The results of peripheral short chain fatty acid measurements after caecal injection of lactulose and sterile saline are shown in Table III . The changes seen in peripheral acetate concentrations produced by lactulose (either 10 g or 6-7 g), were smaller and slightly less rapid when compared with the changes in portal acetate concentrations. The pattern of change for acetate, however, was similar in both portal and peripheral blood. There were no significant changes in propionate concentrations after either dose of lactulose or sterile saline. Peak peripheral acetate concentrations were reached more rapidly after 6 7 g lactulose but the acetate concentrations remained higher for longer after 10 g lactulose.
Discussion
In the fasting state the origins of short chain fatty acids in portal and peripheral blood are several. In portal blood short chain fatty acids are principally derived from gut fermentation of colonic residues consisting of undigested food, mucus and proteins.4 " This is in contrast with peripheral blood where acetate, the only readily measurable short chain fatty acid, is mainly endogenous in origin.4"`i There is little or no endogenous release of propionate or butyrate into the peripheral circulation.' There have been few studies in man which have followed the fate of short chain fatty acids, the major end products of the fermentation process.' 19 ' 3 This is understandable given the difficulty of gaining access to both the human colon and portal vein in vivo. The present study reports the largest number of fasting portal short chain fatty acid measurements made in man. It is also the only in vivo study measuring portal short chain fatty acid concentrations after the direct instillation of fermentable carbohydrate into the human caecum. Fasting portal short chain fatty acid concentrations measured in the present study are similar to those measured by Dankert et a12' in five patients also undergoing gall bladder surgery. Fasting peripheral short chain fatty acid concentrations measured in the present study are similar to those measured by Pomare et a13 and Tollinger et al12 but are slightly higher than those measured by Dankert et al' who used serum rather than plasma and a different technique for the measurement of short chain fatty acids. The wide interindividual variation in fasting portal and peripheral short chain fatty acid concentrations found in the present study was also found by others. '2' 2 In the fed state the major source of portal and peripheral short chain fatty acids is gut fermentation of dietary carbohydrate.""3' 4 In the present study we have measured the change in portal and peripheral plasma short chain fatty acid concentrations after the caecal instillation of the disaccharide lactulose (O-j3-Dgalactopyranosyl-1-4-D-fructofuranose), which escapes digestion in the small intestine but is broken down in the colon." Portal plasma short chain fatty acid concentrations, principally acetate, increased rapidly with peak concentrations after lactulose being reached in 15 to 45 minutes indicating rapid colonic fermentation of the lactulose and absorption of the resultant short chain fatty acids. Portal plasma acetate and propionate concentrations measured in the present study are less than those found in sudden death victims by Cummings et al"' but portal plasma butyrate concentrations are comparable. The doses of lactulose given in our study, however, were small and the quantity of undigested food present in the gut of the sudden death victims was considerable (average 291 g). Peripheral plasma acetate concentrations also increased after caecal lactulose instillation but the increases were smaller and occurred more slowly than those measured in portal plasma. Peripheral plasma propionate and butyrate concentrations remained unchanged. The peripheral plasma acetate concentrations followed 10 g lactulose measured in the present study are comparable with those measured by Pomare etal.'
There were large differences between portal and peripheral short chain fatty acid concentrations, especially for propionate and 
